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Introduction 
There has been a globally increasing concern towards the health of our planet and the 
impact we have on it as residents.  A large reason for this greater awareness is due to 
intervention from the scientific community.  Continued environmental research has been able to 
provide insight on society’s global influence.  Anthropogenic impacts such as industrial 
emissions, energy consumption, and even agricultural techniques have been investigated and 
their global impacts tabulated.  This study seeks to further this library of knowledge by 
conducting an in-depth survey on the impact central valley farming methods have on local 
environments.  Modern farming methods use large amounts of pesticides which contain 4-
nonylpehnol (4-NP).  Although 4-NP is used in the Central Valley, it can easily be displaced to 
other local environments as the compound undergoes long range transport as an aerosol.   
4-nonylphenol is an endocrine disruptor to many biological organisms [1].  4-
nonylphenols has similar stereochemistry as 17-beta-estradiol [2], the body’s most active form of 
the hormone estrogen.  It has been reported that concentrations of 4-NP in organisms can be bio-
active and have adverse effects at concentrations as low as 3 µg/L [3].   
 Over the past decade there has been much research done on endocrine disruptors (EDCs).  
EDCs can be characterized from distinctive traits.  Some EDCs are persistent organic pollutants 
(POPs).  A compound is classified as a POP when no biological breakdown pathways are 
available to expel the compound from the environment [4].  Some common EDCs that are also 
POPs are PCBs, alkylphenols, and phthalates [4].  Some EDCs like 4-NP are lipophilic, allowing 
them to partition to different organic mediums [5].  Examples of organic media in the 
environment are: soil, rain, dust particles, hydrological systems, and even snow.  Secondly, due 
to their lipophilic nature, EDCs can perpetuate up trophic levels as they are stored in the fatty 
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tissues of organisms living in the contaminated environment [5].  Since the compound is generally 
deposited into the environment attached to small organic substances, small organisms at the 
bottom of the food chain are usually the first to consume the pollutant.  The EDC can then 
accumulate up the food chain as larger predators consume contaminated prey [6].  Lastly, POPs 
are characterized as being highly mobile due to their capability of volatilizing under 
environmental conditions [5].   
4-nonylphenol exists environmentally as a byproduct of nonylphenol polyethoxylates 
which undergo microbial degradation [7].  Nonylphenol polyethoxylates enter the environment as 
surfactants.  4-NP is an inert ingredient in the majority of commercial pesticides [8].  The danger 
of using this compound lies in the fact that it is prone to long range environmental transport as a 
volatile aerosol or attached to organic compounds.  Volatility of a compound is related to its log 
Koa.  Koa is a ratio of the compounds concentration in the aerosol state and its concentration in an 
octanol solution at equilibrium.  It has been reported that POPs with a log Koa between 6.5 and 
10 are highly susceptible to long range transport and deposition [9].  4-nonylphenol has a log Koa 
of 7.9 indicating high susceptibility to long range transport and deposition [8].   
 There are many mechanisms by which 4-NP can be transported from the Central Valley 
to the Sierras.  Organic particulates such as dust can serve as vehicle for 4-NP transport.  This is 
because 4-NP can bind to dust particles and thus be environmental transported.  However, snow 
may be one of the largest mechanisms responsible for depositing the compound to the Sierras.  
Research done by Lyons et al. (2014) has reported snow samples in the Sierra Nevada Region 
containing concentrations of 4-NP that are an order of magnitude higher than other sample types 
such as surface water [7].  The differences reported in 4-NP concentration between snow and 
surface water samples prompts inquiry as to why this phenomenon is occurring.   
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Snow exhibits physical characteristics which may account for its high scavenging 
potential.  Snowflakes form around a dust particle core.  This particle core can serve as an initial 
introductory source of 4-NP contamination to the snow since the particle core may already 
contain partitioned 4-NP.  Snowflakes also exhibit a riming effect as they descend from the sky.  
The riming effect is unique to snow due to its large surface area and frozen nature.  As a 
snowflake undergoes atmospheric descent any particulates, water, or aerosols that comes into 
contact with the snowflake will be frozen and become a part of the snowflakes matrix.  This 
process is one reason why snow exhibits a high scavenging potential of 4-NP since 4-NP 
aerosols may partition to snowflakes during atmospheric decent.  This effect provides a likely 
explanation as to why snow samples have such high 4-NP concentrations and is supported by the 
research done by Carrera (2000) in the European “High Mountains”.  This research found that 
snow showed extremely high scavenging potential for PAH’s and PCB’s due to its characteristic 
riming effect [10].  Similarly, research was conducted by Franz and Eisenreich in Minnesota on 
snows scavenging potential of PAH’s and PCB’s.  This research team found that the central 
particle composition of the snow was mostly influential on compound concentrations.  This 
suggests that snows high scavenging potential can be attributed to the flakes formation around 
contaminated dust particles [11]. Both of these references serve as supporting evidence that the 
riming effect and dust particle formation contribute to snow’s scavenging potential.   
The Study Area 
 For this study samples from California’s Eastern Sierra Mountain Range, or Enyo 
National Forest, will be analyzed (see Figure 1).  This site was chose for analysis because of its 
pristine characteristics and proximity to a highly agricultural region.  Because the study region is 
a National Forest it cannot be utilized for agricultural production.  The region is also surrounded 
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by a distinctive large mountain range which acts as a barrier for mitigating the inflow of airborne 
pollutants into the region.  Because of these features 4-NP presence is not be expected to be 
found in this area.  
 California’s Central Valley can be found roughly 100 miles to the west of the Sierras.  
The Central Valley is an area which demonstrates massive agricultural production.  It has been 
reported by the Pesticide Action Network Database that this region used 1,413,020 gross pounds 
of nonylphenolpoly ethoxylates in 2012[12].  Figure 1 provides a visual illustrate on the proximity 
of the two regions and their differences in agricultural productivity.  The central valley is found 
in the center of California as region A, where the Sierras are seen to the east of this encompassed 
by circle B. 
Figure 1: Topographical Map of Pesticide Use and Location of Sites of Interest [13] 
 
 Although 4-NP concentrations are not expected in the Sierras, previous work by Lyons 
et. all has found concentrations of the contaminate in the region present amongst different 
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mediums.   This report seeks to support this research by analyzing 4-NP partitioning to snow and 
help better depict exactly how 4-NP is finding its way into this unspoiled National Forest area.   
 For this research snow samples were analyzed for 4-NP concentrations from four unique 
sampling sites due to their proximity to a local headwall: Convict Lake (Convict), Lower Little 
Lakes Valley (LLLV), McGee Creek (McGee), and Mosquito Flats (MQ Flats).   
Methods 
Nephelometer Calibrations 
 For this research a new form of instrumentation was developed and utilized.  This 
instrument is the Snow Nephelometer which gives data on average particle size of snow samples.  
The instrument works by correlating light scattering to snow samples of known average particle 
sizes.  Calibration of the Snow Nephelometer was performed by recording the data the 
instrument produced of multiple snow samples with a known average particle sizes.  The snow 
particle sizes analyzed for the standard curve were: 0.05 mm, 0.15 mm, 0.3 mm, 0.4 mm, 0.5 
mm, 1.0 mm, 1.8 mm, 2.7 mm, 3.6 mm, and 4.5 mm.  Six samples from each of the ten particle 
size were used for the creation of the calibration curve for a total of 60 samples analyzed for 
calibration.  From this range of sizes two main groups were established based off of the porosity, 
or holes between packed particles, within the cuvette.  The two groups were categorized by the 
size of particles and the differences in packing porosity these sizes made.  The two groups were 
the loose and tightly packing groups, each of which had different characteristics.  The loose 
packing group contains particles with sizes between 0.5-4.5 mm.  Samples in this group were 
characterized as loosely packing since they produced large packing holes in the cuvette.  The 
tightly packing group contains particles with sizes between 0.05-0.4 mm.  Samples in this group 
were classified as tightly packing because no holes were observed in the sample cuvette.  
 Separation of the samples into these two main groups was
calibration curve.  Large deviations in transmitted light were observed between the two groups 
due to the large holes present in the loos
which represents the effect particle size has on packing porosity
Figure 2: Particle Size and its Effect on Packing Porosity
 
Samples in the tightly packing group were obtained by taking a bulk snow sample and 
separating it using a four layered soil sieve.  
creating it in house from DI water using a snow maker machine.  
sieve had different grating sizes of 0.5, 0.3 0.2, and 0.05 mm.  Use of the sieve allowed the snow 
sample to be separated into individual size groups.  From here the samples could be further 
separated by hand, measured with a ruler to ±0.1
enough was available to fill up the sample cuvette.  This process was repeated until six samples 
Larger particles with more porous 
openings 
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 necessary for creation of a 
e packing group.  This can be seen below in Figure 2
. 
 
 
Snow samples for calibration were obtained by 
Each of the four layers of the 
 mm of the desired size, and collected until 
Smaller particles with less porous 
openings 
biphasic 
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of each size were analyzed.  It is important to note that all Nephelometer analysis was carried out 
in a cold environmental room at 4 oC. 
Samples in the loose packing group were obtained using a different method.  These 
samples were much larger and required a different method of collection.  Samples with a particle 
size of 1 mm were collected from the top of the 0.5 mm sieve used in the collection of the tightly 
packing particles.  However, samples with sizes between 1.8-4.5 mm were much larger and not 
representative of snow.  These large hail like samples were acquired by cutting them out from a 
sheet of ice.   
 To ensure consistent filling and packing of the cuvette, a universal procedure was 
performed during calibration and field sampling with the instrument.  This procedure can be 
considered as a loose packing process.  This procedure was performed by taking the cuvette and 
scooping up snow particles from a pile.  Once a scoop was performed the cuvette was held 
upright and lightly shaken to allow for particle settling.  This process of scooping and shaking 
would be repeated until the cuvette was completely filled.   Once the cuvette was filled with a 
uniform size of particles it was then analyzed on the Snow Nephelometer.  Snow Nephelometer 
values for transmitted and scattered light were recorded and saved for analysis.  Blanks were run 
on the instrument between samples to ensure consistency in incident light intensity. 
Controlled Snow Chamber Apparatus Procedures 
 To analyze the impact environmental conditions have on 4-NP partitioning a sampling 
apparatus needed to be constructed that could simulate environmental conditions.  The different 
environmental conditions analyzed were, 4-NP exposure, average wind speed, packing porosity, 
and average particle size.  These conditions were analyzed to determine how they affect 4-NP 
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partitioning to snow.  The layout of the snow chamber can be seen below in Figure 3 which is a 
diagram of the apparatus. 
Figure 3: Snow Chamber Apparatus 
 
The description of the apparatus will start at the left of the diagram at the air flow source.  
In this experiment air flow was supplied to the apparatus from an air nozzle located in the 
laboratory ventilation hood.  After this air flow source a Pitot tube was integrated into the system 
to provide data on current wind velocity.  In this apparatus all wind velocity measurements were 
taken using a Pasco GLX-Xplorer probe adapted with a Pasport General Flow Sensor and Pitot 
tube attachment.  A connector was used to create the fork in the tubing leading to the nebulizer 
and Pitot tube.  Air is introduced to the bottom of the nebulizer which contains 25 ml of a 4-NP 
solution.  4-NP introduced to the sample was determined through the use of different 4-NP 
standards in water.  Introduction of the air forces the 4-NP solution in the vial to its aerosol state.  
The aerosol then exits the nebulizer through the conical top end which is connected to the Teflon 
tubing.  Once the aerosol exited the Teflon tube it was then introduced to the enclosed chamber 
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which houses the snow samples.  In this chamber aerosolized 4-NP can freely partition to the 
snow sample until it exits the apparatus through the exit hose.   
 It was important to use a consistent mass of snow between samples to provide good data.  
In order to use a relatively equal mass of snow between trials, 300 g of snow was initially 
measured and later measured again during the extraction process as volume of water.  To ensure 
that the snow samples did not melt during trial runs the entire apparatus was placed in a large 
cooler containing ice which maintained a constant temperature that protected against snow 
melting. 
Infield Data and Sample Collection  
 Site locations were chosen beforehand based off of their geophysical characteristics.  To 
remotely see these characteristics Arc GIS Mapping software was used.  This software allowed 
the research team to look at sample site features such as: head wall direction, elevation, slope, 
and proximity to watersheds.  Use of this software allowed the group to make informed decisions 
on where samples should be collected.  Sample sites chosen using Arc GIS can be seen below in 
Figure 4.  
 Figure 4: a) Convict b) LLLV c)
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 The four sampling sites: LLLV, MQ Flats, Convict, and McGee are unique from one 
another but they do share a common factor.  Each one of these sites is located in close proximity 
to a large headwall mountain which serves as a barrier to stop the transport of 4-NP.  However, 
each sites headwall is unique and so are the distances the sites are located from the head wall.  
This means that the four different headwalls will have differences in their effective sheltering of 
a site against 4-NP transport. 
To asses atmospheric conditions a Pasco Xplorer GLX-PS-2002 probe was used to 
measure wind speed and direction.  After this data was recorded the team then began analyzing 
the snow data.  At each sampling site five snow samples were collected in a linear transect.  
Samples were collected at locations every ten feet along these transects.  At each site a snow core 
was taken and used to analyze snow depth and snow water equivalency using a Federal-style 
snow tube and balance.  Average particle size of the snow at the locations was also recorded 
using the snow nepehlometer.  Once all of this data was obtained, snow sample were collected at 
each site.  Samples were collected using a grab method.  Using this grab method snow was 
collected into a 1 L wide mouth glass jar until the jar was full.  These jars were wrapped in 
aluminum foil to prevent photolysis of 4-NP.  In this study four main sampling sites were 
chosen, McGee Creek, Lake Convict, Mosquito Flats, and Little Lakes Valley.  Samples were 
collected from these sites during the dates of Dec. 2013, March 2014, Dec. 2014, and Jan. 2015. 
Extraction and Analysis of Samples 
For this process the volume of snow water was first measured for each sample.  4-NP was 
then extracted from samples with 250 ml of hexane over three washes in a 1 L separator funnel.  
Each 250 ml sample was distilled on a Kudurna Danish to a final volume of about 10 ml.  
Samples were then further reduced to 1ml by blowing nitrogen gas over them.  Samples were 
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then analyzed on a Varian 431-GC Gas Chromatograph with a tandem Varian 220-MS IT Mass 
Spectrometer.  The GC method had an injector temperature at 250 oC with a constant column 
flow rate at 1.0 ml of ultrapure helium per minute.  The column was first held at a stable 
temperature of 50 oC for 3.5minutes.  After this the column was then ramped at a rate of 10.0 oC 
per minute to its final temperature of 275 oC.  Once the column reached this temperature it was 
held there for an addition 5 minutes giving a total run time of 36minutes. 
 Using this method, 4-NP would elute off the column around 19 minutes.   4-NP detection 
was signified by peaks with mass charge ratios of 121 and 149 [14].  Peaks were characterized by 
the signature fragments and their areas were integrated to determine the mass of 4-NP in the 
sample.  The amount of 4-NP in samples were determined by using a standard curve which was 
composed by using 4-NP standards of the following concentrations: 0.5, 1, 5, 10, 12, 15, 17, 
22.5, 25 ppm.  A sample of one of the spectrums analyzed for 4-NP concentration can be seen 
below in Figure 5.  Duplicates were run for each sample and blanks were run after every three 
samples analyzed to ensure consistency between runs.  A column bake out was also performed 
before analyzing samples from a new area or after standards had been analyzed.   
  
  
Figure 5: Sample GC/MS chromatogram at 121 and 149 M/Z
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Results and Discussion 
Calibration Curve 
An observation in cuvette packing and data was noticed with increasing snow particle 
size increased.  This can be seen in the Table A1 in the appendix as well as in Figure 2.  As snow 
particles began to increase in size they began to pack poorly into the sample cuvette. Larger 
particles would pack in a loose manner which created large porous openings in the cuvette.  
These large porous spaces lead to increased values in the ratio of transmitted to scattered light.  
This was due to the fact that large amounts of incident light never came in contact with particles 
and thus the light experienced a lesser degree of scattering.  The shift in ratio values can be seen 
during the transition from 0.4 to 0.5 mm particles. 
When looking at Appendix A1 it is important to notice the large jump in average 
transmitted:scattered values when transitioning from the 0.4 mm particles to the 0.5 mm 
particles. The observation of increased cuvette packing porosity was made when analyzing 
particles of an average size of 0.5 mm and larger.  The increased porosity of these samples 
yielded an increase in transmitted light.  So when a calibration curve was made containing the 
data of each particle size a large deviation occurred. This can be seen below in Figure 6 which 
shows the combined calibration curve for the instrument. 
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FIGURE 6:  Combined Calibration of Snow Nephelometer 
 
Independently, the smaller sized samples between 0.05 - 0.5 mm and larger sized samples 
between 1.0 - 4.5 mm gave ratio values that were linear.  However, ratio values between these 
two groups varied too much on a combined graph and produced a non-useable calibration curve.  
Because of this it was necessary to split the calibration curve in half at the observed junction 
when particles went from tightly to loosely packing in the cuvette.  This yielded the functional 
two ended calibration curve which can be seen below in Figure 7.   
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Figure 7: Two Ended Calibration Curve for Snow Nephelometer  
 
  
Partitioning and Particle Size 
 To analyze the impact particle size had on 4-NP partitioning an experiment was 
performed on multiple samples with varying particle sizes.  These samples had 4 mg of 4-NP 
introduced to them in the snow chamber apparatus at a constant wind velocity rate of 1 m/s.  The 
particle sizes analyzed were 0.5 mm, 0.3 mm, and 0.05 mm.  For each of these particle sizes 
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three samples were run for a total of n=9 samples.  The data from this experiment can be seen 
below in Figure 8. 
FIGURE 8: Particle Size and its Effects on 4-NP Partitioning 
 
 
From this data we see that as particle size decreases, so does the amount of 4-NP 
partitioning.  This trend describes how average particle size would affected the packing porosity 
of a snow pack and what implications that would have on 4-NP partitioning.  Porosity takes into 
account both the top layer of the snow pack as well as the lower layers below the surface.  Figure 
9 below illustrates the effect that increased porosity has on 4-NP penetration and partitioning to a 
snow pack. 
  
24.3
12.8
4.4
0
5
10
15
20
25
30
0.5mm 0.3mm 0.05mm
C
o
n
ce
n
tr
a
ti
o
n
 4
-N
P
 (
p
p
m
)
Average particle size
4mg NP introduced at 1m/s
20 
 
FIGURE 9: Effects of Packing Porosity on 4-NP Dispersion in a Snow Pack 
 
 From this diagram we can see that as the porosity of the snow pack increases, the depths 
at which aerosolized 4-NP can penetrate into the pack also increase.  This provided a much 
stronger explanation of the data.  As previously mentioned, loose packing was first observed 
when the average particle size reached 0.5 mm.  The data shows that snow packs with an average 
particle size of 0.5 mm will experience a high amount of 4-NP partitioning than snow packs 
composed of particles smaller than 0.5 mm.   
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Partitioning and Wind Velocity 
Figure 10 shows experimental results on wind velocity and its effects on 4-NP deposition.   
Figure 10: Wind Velocity and 4-NP Partitioning  
 
 In this experiment particle size of the snow packs were kept constant at 0.5 mm while 
0.425 mg 4-NP was introduced to each sample.  Wind speeds analyzed during this experiment 
were at 25, 15, and 5 m/s.  The 0.5 mm particle size was chosen for this experiment because it 
would provide a snow pack porous opening guaranteeing measurable amount of 4-NP 
partitioning.   
From Figure 10 it can be seen that the researchers original hypothesis held true.  The 
figure shows that as wind velocities decrease, concentrations in 4-NP increases.  This trend is 
most likely due to the fact that as wind speeds decrease aerosolized 4-NP has more time to 
interact with the snow pack.  This longer period of interaction allows for 4-NP to pierce deeper 
into the snow pack and accumulate to higher concentrations in the sample.   
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 and Local Geography 
In previous work done by Lyons et. all there was a discussion on headwall shielding and 
a mathematical equation was proposed that can model this shielding effect [C].  This value was 
topographical shielding () and its formula is shown in Equation 2.   
Equation 2: The Tau equation 
 


  
In this equation the three variables, s, h, and d each describe a different aspect of a 
sampling site and its headwall.  S represents the slope of the headwall, h is the height difference 
between the sampling site and the headwall apex, and d is the distance the headwall exists from 
the sampling location.  Headwalls act as barriers sheltering a sampling site from 4-NP deposition 
when aerosolized 4-NP approaches the back side of the headwall. However, the headwall will act 
as a funnel for 4-NP deposition when aerosolized 4-NP approaches the front side of a headwall. 
An illustration of this can be seen below in Figure 11. 
Figure 11: As 4-NP approaches from the left the headwall filters it into the sampling site.  The 
headwall acts as a barrier when 4-NP approaching from the right it is blocked by the headwall 
  
4-NP 
Sampling Site 
Headwall 
4-NP 
Funneling Side Barrier Side 
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When considering the sheltering effect experienced at each of the sampling sites in this 
experiment it is useful to look directly at their individual Tau values.  This information can be 
seen below in Table 1. 
Table 1: Tau values of each sampling site 
Sampling Site  Value 
McGee 3.60 
Lower Little Lakes Valley 2.53 
Lake Convict 2.35 
Mosquito Flats 1.77 
  
 When looking at the sampling sites on a GIS Mapping program, the researcher assumed 
that headwalls for LLLV, Convict, and MQ Flats were sheltering the sites from 4-NP deposition.  
While the large bowl like head wall of McGee was acting as a funnel for 4-NP deposition.  
Because of this assumption table 1 would indicates that 4-NP presence would be lowest at LLLV 
and increasing at Convict, MQ Flats, and McGee.  When the data was analyzed these results 
were not seen.  This data can be seen below in Figure 12. 
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igure proves inconclusive and a correlation between 
establishing tau values does not include a
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Conclusion 
 In conclusion this research proved highly informative and gave a better understanding of 
4-NP partitioning to snow.  Using the snow nephelometer and the controlled snow chamber 
apparatus a better understanding on environmental factors impact on 4-NP partitioning were 
obtained.   
 This research found a linear relationship between average particle size and 4-NP 
deposition on a snow pack.  As the average particle size of the snow pack decreases so does 4-
NP deposition.  An inverse relationship was also found between wind velocity and 4-NP 
partitioning.  The data showed that as wind velocity decreases 4-NP partitioning increases since 
slower wind speeds increase the time 4-NP deposition has to interact with a snow pack  
The data acquired from infield samples gave valuable information on Tau values.  It was 
found that current methods used to calculate Tau values can be improved to include an angular 
aspect which will help to describe weather a headwall is acting as a barrier or funnel for 4-NP 
deposition.   
 Lastly, this research gave better information on the impact particulate concentrations 
have on 4-NP concentrations at a sampling site.  Although a positive correlation was seen 
between the two, the data also showed that 4-NP concentrations are not largely affected by 
particulate concentrations.  This indicates that the primary source of 4-NP deposition is not due 
to particulates found in the snow.  It is highly likely that the riming effect and snows atmospheric 
scavenging of aerosols during atmospheric descent is the primary source for 4-NP 
contamination.  However, alternative pathways may still be possible and would allow for further 
research into the topic. 
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Future Works 
 The researcher intends to re-establish how Tau values are calculated so that they include 
an angular aspect indicating the headwalls and sampling sites positions relative to prevailing 4-
NP deposition.  The plan is to create a more descriptive Tau value that uses positive and negative 
values to indicate headwall functionality.   
Conducting comparative analysis on fresh and old snow samples is also of interest to this 
research.  Comparing 4-NP concentrations between these samples would indicate if 4-NP 
scavenging is occurring mainly during snows atmospheric descent or from 4-NP deposition to 
idle snow packs.  This study would also indicate if 4-NP is volatilizing out of snow packs during 
the winter or if the snow is acting as a perfect reservoir for the compound.    
It would also be beneficial for the research team to consider other possible influx sources 
of 4-NP.  This study found that particulate matter was not a primary source for 4-NP 
contamination.  This means other sources of 4-NP contamination exist and these would be 
beneficial to know.  If further sources of 4-NP influx are found an investigative study will be 
carried out to further strengthen this research and understanding on the compounds flux through 
an environment. 
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Appendix 
A1: Raw Data of Snow Nephelometer Calibration 
Sample Transmitted Scattered  Difference Ratio Average 
4.5mm 429 62 367 
 
6.92 
 4.5mm 437 58 379 
 
7.53 6.89
4.5mm 423 60 363 
 
7.05 
 4.5mm 436 63 373 
 
6.92 
 4.5mm 435 72 363 
 
6.04 
 4.5mm 458 58 400 
 
7.90 
 3.6mm 439 81 358 
 
5.42 5.68
3.6mm 416 69 347 
 
6.03 
 3.6mm 417 72 345 
 
5.79 
 3.6mm 397 76 321 
 
5.22 
 3.6mm 334 62 272 
 
5.39 
 3.6mm 418 70 348 
 
5.97 
 2.7mm 306 60 246 
 
5.10 4.91
2.7mm 356 80 276 
 
4.45 
 2.7mm 355 74 281 
 
4.80 
 2.7mm 321 62 259 
 
5.18 
 2.7mm 398 77 321 
 
5.17 
 2.7mm 421 88 333 
 
4.78 
 1.8mm 385 97 288 
 
3.97 3.74
1.8mm 387 104 283 
 
3.72 
 1.8mm 364 91 273 
 
4.00 
 1.8mm 358 98 260 
 
3.65 
 1.8mm 385 102 283 
 
3.77 
 1.8mm 399 121 278 
 
3.30 
 1mm 203 80 123 
 
2.54 2.30
1mm 200 92 108 
 
2.17 
 1mm 188 78 110 
 
2.41 
 1mm 274 99 175 
 
2.77 
 1mm 115 72 43 
 
1.60 
 1mm 261 114 147 
 
2.29 
 0.5mm 182 76 106 
 
2.39 
 0.5mm 144 77 67 
 
1.87 2.17
0.5mm 190 85 105 
 
2.24 
 0.5mm 185 73 112 
 
2.53 
 0.5mm 158 82 76 
 
1.93 
 0.5mm 163 80 83 
 
2.04 
 0.4mm 142 76 66 
 
1.87 1.44
0.4mm 116 88 28 
 
1.32 
 0.4mm 76 66 10 
 
1.15 
 0.4mm 86 68 18 
 
1.26 
 0.4mm 128 79 49 
 
1.62 
 0.4mm 126 80 46 
 
1.58 
 0.3mm 64 69 -5 
 
0.93 1.13
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0.3mm 102 73 29 
 
1.40 
 0.3mm 67 70 -3 
 
0.96 
 0.3mm 100 71 29 
 
1.41 
 0.3mm 71 76 -5 
 
0.93 
 0.3mm 65 67 -2 
 
0.97 
 0.15mm 66 76 -10 
 
0.87 0.75
0.15mm 60 76 -16 
 
0.79 
 0.15mm 43 54 -11 
 
0.80 
 0.15mm 25 38 -13 
 
0.66 
 0.15mm 53 74 -21 
 
0.72 
 0.15mm 36 52 -16 
 
0.69 
 0.05mm 24 40 -16 
 
0.60 0.54
0.05mm 35 65 -30 
 
0.54 
 0.05mm 31 65 -34 
 
0.48 
 0.05mm 33 54 -21 
 
0.61 
 0.05mm 26 53 -27 
 
0.49 
 0.05mm 25 46 -21 
 
0.54 
 
 
 
 
 
 
